INTRODUCTION
============

Skeletal Class II malocclusion is a dentofacial deformity caused by a growth disorder of the bones frequently associated with mandibular retrusion relative to upper facial structures.[@B01] This deformity is also associated with functional disorders, mainly affecting upper airways and the temporomandibular joint.[@B02] ^,^ [@B03]

Patients with skeletal Class II malocclusion who have this deformity due to deficiency in mandibular growth present with a retrognathic mandible either because of growth vector or by deficient mandibular length.

According to Muto et al,[@B04] craniofacial abnormalities, including mandibular retrognathism, short mandibular body length and backward/downward rotation, can lead to decreased pharyngeal airway. These findings indicate that nasopharyngeal obstruction may be related to changes in mandibular morphology.[@B05]

The study of upper airways and their relationship with mandibular position and size is extremely important in orthodontic diagnosis because of their association with obstructive respiratory disorders, especially sleep apnea. This knowledge is definitive to the indication of mandibular advancement, whether orthopedic or surgical, for treatment of these disorders.

Several studies have been carried out with a view to measuring the pharyngeal airway; however, comparison with Class I individuals and the correlation between the variables involved in Class II malocclusion and airways measurements are still scarce, which encouraged the present study.

MATERIAL AND METHODS
====================

This study was submitted to and approved by the Ethics Committee on Human Research through Plataforma Brasil, following the norms of the law 466/2012, under approval protocol \#835.928.

The sample comprised 80 digital lateral cephalograms belonging to 80 patients of both sexes, without associated abnormalities, aged between 10-17 years, with a mean age of 12.3 years, treated by postgraduate orthodontic students (ABO/PB, Brazil). Of the 80 images, 40 were from patients with mandibular Class II malocclusion, whose diagnosis was confirmed by Xi-Pm, Co-Gn, Go-Me, facial depth and SNB measurements (at least three of these measures should be reduced so that the image would not be withdrawn from the sample). The other 40 radiographs belonged to Class I individuals. Groups were matched by age.

Anatomical tracings of all radiographic images were made on acetate paper, in a dark room, by an examiner using graphite pencil (point 0.3). Each film was traced by one investigator and checked by a second one, so as to verify the accuracy of anatomical outline determination and landmark placement. Measurements of mandibular length and spatial position, as well as size of nasopharyngeal and oropharyngeal airways, were taken using the cephalograms ([Fig 1](#f01){ref-type="fig"}, [Table 1](#t01){ref-type="table"}).

Figure 1- Cephalogram and cephalometric measurements used.

Measurements were taken twice, with a 10-day interval in between, with the aid of a millimeter ruler and a 180° protractor. The first assessment was carried out with the entire sample while the second one was carried out with 30% of the sample.

Procedures of statistical inference were performed based on parametric statistics. Correlation coefficient and intraclass correlation coefficient (ICC) were used to assess intraexaminer agreement. The choice for statistical test was based on normal distribution of data, according to Komogorov-Smirnov normality test (*p* \> 0.05). Intergroup comparison was performed by Student\'s t-test and Pearson r correlation coefficient. For descriptive procedures, absolute and relative data and measurements of central tendency and variability were presented. A 95% confidence interval and 5% significance level (*p*\< 0.05) were adopted to interpret the results. Data were submitted to SPSS 20.0 statistical package for Windows and analyzed by means of descriptive and inferential statistics.

Table 1- Cephalometric measurements used.**MeasureClinical standardAppropriate ageDescription**1. Xi-Pm65 ± 3 mm9 years (1.6/year)Axis of the mandibular body - a line extending from point Xi to the mental protuberance.2. Facial axis (Ba.NA x Frankfurt)90 ± 3°Does not change upon growthProvides the direction of growth of the chin and the ratio between facial height and depth.3. Facial depth (NA-Pog x Frankfurt)87 ± 3°9 years (0.33/ year)Indicates the anteroposterior position of the mandible.4. Co-Gn (Effective mandibular length)Consists in the geometric relationship between the maxillomandibular length, directly linked either to patient\'s age or sex.5. Oropharynx10 to 12 mmMeasured by the width of the pharynx at the point where the posterior border of the tongue (in the radiograph) crosses the lower border of the mandible up to the posterior pharyngeal wall.6. NasopharynxMixed dentition: 12 mm Permanent dentition: 17.4 mmIt is measured linearly from a midpoint on the posterior wall of the soft palate to the posterior pharyngeal wall where there is the greatest closure of the airway.7. Ar-Go44 mm11 years (male: 1.01 - 7.2) (female: 0.71 - 4.2)Height of the mandibular ramus.8. Go-Me71 mm11 years (male: 1.11 -7.11) (female: 0.73 - 3.12)Length of the mandibular body.9. SNB80°Anteroposterior position of the mandible in relation to the base of the cranium.

RESULTS
=======

In order to assess the reliability of measurements of oropharynx and nasopharynx, mandibular length, mandibular position and direction of mandibular growth, the examiner conducted two assessments which were followed by determination of intraexaminer agreement. This calculation was done using intraclass correlation coefficient (ICC). Results were statistically significant and indicated intraclass coefficients ranging from 0.97 (facial depth) and 1.00 (oropharynx), thereby denoting strong intraexaminer agreement ([Table 2](#t02){ref-type="table"}).

As for upper airways measurements, statistically significant differences were found between both groups (*p* \< 0.001). That is, the size of nasopharynx and oropharynx is reduced in Class II individuals ([Fig 2](#f02){ref-type="fig"}).

The same results were observed for mandibular length, with significant differences between groups. The following measurements were found to be greater in Class I individuals: Xi-Pm, Co-Gn and Go-Me ([Table 3](#t03){ref-type="table"}, [Fig 3](#f03){ref-type="fig"}).

As shown in [Table 3](#t03){ref-type="table"}, measurements of mandibular position also indicated significant differences between groups, with facial depth and SNB being greater among Class I individuals ([Table 3](#t03){ref-type="table"}). These results are graphically shown in [Figure 4](#f04){ref-type="fig"}.

Measurements related to the direction of mandibular growth also differed significantly between groups. Facial axis and Ar-Go were greater in Class I individuals, while FMA was found to be greater in Class II individuals ([Table 3](#t03){ref-type="table"}, [Fig 5](#f05){ref-type="fig"}).

In order to assess the correlation between oropharynx/nasopharynx size and mandibular length, position as well as growth, Pearson *r* correlation coefficient was performed.

Significant positive correlations were observed between the oropharynx and Xi-Pm, Co-Gn and SNB. Moreover, there were also correlations between the nasopharynx and Xi-Pm, Co-Gn, facial depth, SNB, facial axis and Ar-Go. Given that such correlations were positive, it is concluded that the greater the measurements of upper airways, the greater the variables, as reported herein. Correlation coefficients ranged from 0.24 to 0.37; thus, indicating weak to moderate correlations between variables ([Table 4](#t04){ref-type="table"}).

Table 2- Assessment of intraexaminer agreement.**MeasuresICCpInterpretation**Xi-Pm0.99\< 0.001Strong intra-examiner agreementCo-Gn0.99\< 0.001Strong intra-examiner agreementGo-Me0.99\< 0.001Strong intra-examiner agreementFacial depth0.97\< 0.001Strong intra-examiner agreementSNB0.99\< 0.001Strong intra-examiner agreementFacial axis0.99\< 0.001Strong intra-examiner agreementAr-Go0.99\< 0.001Strong intra-examiner agreementFMA0.99\< 0.001Strong intra-examiner agreementOropharynx1.00-Perfect agreementNasopharynx0.99\< 0.001Strong intra-examiner agreement

Table 3- Assessment of upper airways measurements, mandibular length, mandibular position and direction of mandibular growth of each group.**General measuresSpecific measuresClass IClass IIt (p)Mean ± SDMin-MaxMean ± SDMin-Max**Upper airwaysOropharynx12.2±2.57 - 188.6±1.75 - 137.4 (\< 0.001)Nasopharynx9.4±1.96 - 146.7±1.93 - 126.2 (\< 0.001)Mandibular lengthXi-Pm77.5±5.467 - 9472.4±4.861 - 834.4 (\< 0.001)Co-Gn115.6±6.7100 - 134109.7±7.594 - 1283.6 (\< 0.001)Go-Me73.5±11.213 - 9069.4±4.957 - 802.0 (0.04)Mandibular positionFacial depth89.4±2.484 - 9486.1±2.579 - 915.8 (\< 0.001)SNB79.7±2.974 - 8874.5±2.968 - 847.8 (\< 0.001)Direction of the mandibular growthFacial axis90.5±3.780 - 10087.4±3.678 - 933.8 (\< 0.001)Ar-Go43.9±4.137 - 5140.5±4.831 - 503.3 (0.001)FMA24.9±3.814 - 3127.0±4.914 - 362.0 (0.04)

Table 4- Correlation between upper airways measurements and mandibular length, position as well as direction of mandibular growth in both groups.**MeasuresrP%Interpretation**OropharynxXi-Pm0.310.0049.6%Significant, positive and moderate correlationCo-Gn0.240.025.7%Significant, positive and weak correlationGo-Me0.130.231.6%There was no correlation between variablesFacial depth0.210.064.4%There was no correlation between variablesSNB0.370.00113.6%Significant, positive and moderate correlationFacial axis0.120.261.4%There was no correlation between variablesAr-Go0.120.281.4%There was no correlation between variablesFMA-0.070.520.4%There was no correlation between variablesNasopharynxXi-Pm0.370.00113.6%Significant, positive and moderate correlationCo-Gn0.320.00310.2%Significant, positive and moderate correlationGo-Me0.180.113.2%There was no correlation between variablesFacial depth0.290.0098.4%Significant, positive and weak correlationSNB0.340.00211.5%Significant, positive and moderate correlationFacial axis0.280.017.8%Significant, positive and weak correlationAr-Go0.290.0078.4%Significant, positive and weak correlationFMA-0.130.241.6%There was no correlation between variables

Figure 2- Assessment of upper airway measurements of Class I and Class II groups.

Figure 3- Assessment of mandibular length of Class I and Class II groups.

Figure 4- Assessment of mandibular position of Class I and Class II groups.

Figure 5- Assessment of mandibular growth of Class I and Class II groups.

DISCUSSION
==========

Although some recent studies have reported a need for tridimensional evaluation by magnetic resonance,[@B06] ^,^ [@B07] ^,^ [@B08] its high cost and lack of standardization of patient\'s head position still hamper the use of this method for research. According to Muto et al,[@B09] a change of 10^o^ in craniofacial tilt may affect measurement taking in the area of upper airways in approximately 4 mm. Lateral cephalograms have been used in this type of assessment as part of patients\' basic orthodontic records, with the advantage of having low costs and low radiation dose, being of easy access, and providing standardization of measures with high reproducibility for diagnosis.[@B06] ^,^ [@B10] ^,^ [@B11] These advantages render this method common in research,[@B07] ^,^ [@B09] ^,^ [@B12] ^,^ [@B13] ^,^ [@B14] which validates the methodology adopted in the present study and allows comparison of results. The reproducibility of the method was confirmed statistically, with strong intraexaminer agreement.

The studied sample comprised patients aged between 10 and 17 years old, with a mean age of 12.3 years, similarly to other studies,[@B05] ^,^ [@B12] ^,^ [@B15] ^,^ [@B16]. Because there are minor changes in the nasopharynx as a result of growth,[@B17] the sample was matched by age; thus, avoiding potential bias as regards data interpretation. In terms of sex, groups were similar, although we found three more males than females in the Class II group.

Regarding airways measurements, there were significant differences between groups, with Class I patients having oropharynx and nasopharynx greater in size ([Table 3](#t03){ref-type="table"}, [Fig 2](#f02){ref-type="fig"}). These findings corroborate the majority of studies found in the literature.[@B14] ^,^ [@B18] ^,^ [@B19] ^,^ [@B20] The studies by Freitas et al[@B12] as well as Memon, Fida and Shaikh[@B21] found no interference of malocclusion in oropharynx and nasopharynx width when they compared Class I to Class II patients. Differences in our results may be related to the methods employed, since those studies included a Class II sample based on dental occlusion and may have included subjects with Class II resulting from maxillary prognathism, whereas in our study, mandibular Class II was confirmed cephalometrically.

In order to have a better understanding of which factors inherent to malocclusion could be related to changes in upper airways, we initially diagnosed differences in skeletal features between groups, as follows: mandibular length (Xi-Pm, Co-Gn and Go-Me), mandibular position (facial depth and SNB), and direction of growth (facial axis, Ar-Go and FMA).

As regards mandibular length, measurements found in the Class I group were greater than those found in the Class II group ([Table 3](#t03){ref-type="table"}, [Fig 3](#f03){ref-type="fig"}), thereby confirming mandibular Class II diagnosis. These data validate the assumption that mandibular length can be related to the size of upper airways, which is in agreement with Muto et al[@B04] who pointed out that craniofacial abnormalities, including mandibular retrognathism, short mandibular body and downward rotation, may cause a decrease in the size of airways, as reported by other studies.[@B09] ^,^ [@B13] ^,^ [@B19] ^,^ [@B22] ^,^ [@B23] The same behavior was observed in the variables related to spatial position of the mandible. As expected, the mandible in the Class II group was found retropositioned in relation to the cranial base when compared to the Class I group. This information allows us to conclude that both position and length of the mandible, i.e., the effective length of the mandible, must be considered in the diagnosis of patients with Class II malocclusion. Nevertheless, a greater or less interference of either one of these variables cannot be assumed. In the literature, this comparison is scarce and only cited by a few authors.[@B01] ^,^ [@B23] ^,^ [@B24]

Our study was carried out considering that several others have assessed the association between facial growth pattern and upper airways measurements.[@B05] ^,^ [@B12] ^,^ [@B15] ^,^ [@B16] ^,^ [@B19] When comparing Class I and Class II groups, FMA and facial axis indicated an increased vertical trend among Class II individuals as well as a shorter mandibular ramus. According to Jarabak,[@B25] this finding refers to mandibular morphology with a clockwise growth pattern. This same feature was reported in the study by Joseph et al[@B15] who used a sample of individuals with Class II malocclusion. This information does not allow us to claim that all mandibular Class II individuals will have a vertical growth trend, although such feature was found in the sample. However, there seem to be an association between vertical pattern and reduced airways measurements, which has already been reported by several studies.[@B05] ^,^ [@B12] ^,^ [@B14] ^,^ [@B19]

The correlation between oropharynx and nasopharynx was studied separately from other variables, as shown in [Table 4](#t04){ref-type="table"}. There was a positive correlation between the size of the oropharynx and mandibular length, represented by Xi-Pm and Co-Gn, and the position of the mandible, represented by SNB. In agreement with our findings, studies carried out in the last five years[@B07] ^,^ [@B20] ^,^ [@B23] ^,^ [@B24] have concluded that mandibular length and position influence airways measurements.

Although Class II malocclusion patients have mostly presented with a vertical growth pattern in relation to Class I individuals, our results could not support a correlation between vertical pattern and a shorter oropharynx. We did not observe a positive correlation between growth pattern measurements (FMA, Ar-Go and facial axis) and the size of the oropharynx, even though there was an association. This is in agreement with the reports by Castro and Vasconcelos.[@B16] On the other hand, Freitas et al,[@B12] Zhong et al[@B19] as well as Ucar and Uysal[@B05] found a correlation between growth pattern and the size of the oropharynx.

When assessing airways measurements and growth pattern, Joseph et al[@B15] showed a correspondence between dolichocephalic individuals and shorter airways, particularly the nasopharynx. This is in agreement with our findings, as seen in Table 5 which shows a significant positive correlation between Ar-Go values and the size of the nasopharynx. In addition, they showed a positive correlation between Xi-Pm, Co-Gn, facial depth, SNB and facial axis; thus, concluding that mandibular length and position are related to the size of the nasopharynx.

Mandibular retrusion is one of the factors that may cause obstructive sleep apnea syndrome (OSA), characterized by a collapse site hindering the passage of air located in the pharynx. A reduction in this region can be the etiology of this syndrome both in children and adults. Characterized by respiratory disorders and nocturnal snoring, OSA may cause psychological and social impairment for the individual.[@B11] ^,^ [@B22] ^,^ [@B23]

As the results of our study suggest that mandibular length and position as well as the direction of growth can influence measurements of pharyngeal airways, we emphasize the importance of mandibular advancement in growing children through orthopedics by means of functional appliances; and in adults, with surgical advancement in order to promote enlargement of airways for functional and quality of life improvement, as well as decreased morbidity.[@B08] ^,^ [@B13] ^,^ [@B14] ^,^ [@B26] ^,^ [@B27]

CONCLUSION
==========

» Individuals with mandibular Class II malocclusion were shown to have upper airways measurements reduced when compared to Class I individuals.

» Mandibular length is related to a decrease in upper airways measurements. Similarly, anteroposterior positioning of the mandible exerts influence on airways measurements.

» There was a tendency of facial growth pattern with a positive, but weak correlation with the sizes of the nasopharynx, but not with the oropharynx.
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